In the past years, organic semiconductors have been extensively investigated as electronic materials for organic field-effect transistors (OFETs). In this review, we briefly summarize the current status of organic field-effect transistors including materials design, device physics, molecular electronics and the applications of carbon nanotubes in molecular electronics. Future prospects and investigations required to improve the OFET performance are also involved.
Introduction
Organic field-effect transistor (OFET) is a three-terminal device whose characteristics can be modulated by the electrical field. It is composed of organic conjugated molecules as active channels, inorganic or polymer insulators as dielectric layers and metals or conductive polymers as electrodes. Since the first report in 1986 [1], OFETs have drawn more and more attention because of their low cost, flexibility as well as the capability for large area preparation. Bells Lab, IBM cooperation and many research institutes have ventured into this field [2, 3] . In the past decade, many novel organic semiconductors were synthesized and device performances were significantly improved. OFETs are becoming a significant and much discussed topic in organic electronics. Here, we present a few important progresses in organic field-effect materials, device physics and molecular electronics mainly based on our own results.
Device physics of OFETs

Basic principles of OFETs
An OFET is a kind of device that controls the on/off states by applying a voltage on the gate electrode to form charge accumulation at the organic-dielectric interface. When the source-drain voltage V ds equals zero, no current forms in the channel as the charges along the channel are uniformly distributed. Once V ds <V gs -V th (here V gs is the gate voltage and V th is defined as the threshold voltage), charges get to be a gradient distribution along the channel so that the current can be controlled by the applied source-drain electric field. Here, the device is operated in the linear mode, I ds can be given by Ref. [4] ,
If V ds >V gs -V th , the device is operated under saturation region, I ds is then given by,
Here, μ is the field-effect mobility, W is the channel width, L is the channel length, C i is the capacitance of the insulator per unit area. The structure and output characteristics of OFET resemble that of inorganic MOS transistors; one difference lies in the mechanism of the charge transportations. For example, for p type inorganic transistors, the minority carriers accumulate at the interface of the channel and the insulator when inversion occurs; however, organic field-effect devices have no inversion.
Parameters of OFETs
The most important parameters of OFETs are the mobility, on/off ratio, threshold voltage and sub-threshold slope. The mobility determines the possible bit speed of the organic integrated circuits, mobility in the magnitude of 1 cm 2 /V s is essential for high-speed commercial applications. For other possible applications, mobility of at least 0.01 cm the conjugated degree and the aggregate status of the organic active materials [6] . The purity of the materials, the quality of source and drain contacts as well as the temperature have significant influences on the device performance [7] . Up to now, pentacene has been the most ideal material for OFETs; the highest performance of pentacene-based OFET was reported by 3M cooperation with mobility up to 3.3 cm 2 /V s and on/off ratio exceeded 10 6 by depositing pentacene films on the alumina substrate with phosphonohexadecane SAM layers [8] . Further investigations for the radio frequency identification (RFID) tags were also taken based on this material [9] .
On/off ratio is also critical for the applications in organic digital circuits, electronic papers and OFET-driven OLEDs [10] (e.g., for OLED driving, the mobility should be larger than 1 cm 2 /V s and I on /I off >10 8 , V th be closed to 0 V). Material purification, device optimization and the post-processing such as annealing are the most common ways to improve the I on /I off [11] . Sirringhaus et al. [12] and Lin et al.
[13] reported OFETs based on bis (dithienothiophene) and pentacene with I on /I off as high as 10 8 . The threshold voltage V th is determined by trap density near the organic-insulator interface and the quality of source drain contacts. Recently, it has been found that the dipole layer and the channel modification can also change the threshold voltage [14] .
Organic semiconductor materials
Organic transistors can be fabricated by thermal vacuum deposition, spin coating, screen printing, pattern stamping using different organic semiconductors, insulators and electrodes [15] . For years, chemists have been working toward the designing and synthesis of novel organic semiconducting materials with high mobility and superior stability. Early studies on OFETs focused on oligothiophenes and polythiophenes, the earliest OFET was just fabricated by electrochemical polymerization of thiophenes [1] . Other conjugated small molecules, oligomers and their derivatives based on thiophenes, pyrroles, carbazoles, benans, fluorines and condensed-nuclei aromatics showed organic field-effect characteristics.
Organic small molecules are required to be conjugated and have coplanar conformation atoms to get better stacking for high transistors performance. The most ideal material so far is pentacene with high mobility above 1 cm 2 /V s. In recent years, more and more materials with high mobility have been synthesized. Li et al. [25] also reported another thiazole oligomers based n type material with high mobility up to 1.83 cm 2 /V s. Besides, some organic polymers are also semiconductors, which are more easily synthesized than small molecules. Polymer semiconductor devices can be prepared by spin coating, inject printing and screen printing. Generally, conjugated polymers form highly disordered polycrystalline films, the mobility is relative low (around 10 −7 to 10 −2 cm 2 /V s) as hopping between polymer chains determines the charge carrier transportations [26, 27] 
Pentacene-like semiconducting compounds
So far, pentacene is thought to be one of the most ideal organic semiconductors; chemists and physicists have investigated it from molecule structure to the device physics in order to improve its mobility. It is widely accepted that good π-π conjugated and stronger molecule-molecule interactions are essential for higher-mobility materials. Thus, substitutional pentacene-like molecules are expected to have superior field-effect performances.
We synthesized ladder tetraazapentacenes semiconductors ( Fig.1(1) ) with mobility up to 0.02 cm 2 /V s [29] . Recently, another pentacene-like semiconducting compound pentathienoacene was synthesized as shown in Fig.1(2) by collaborating with Prof. Jingui Qin's group at Wuhan University. The energy gap E g of pentathienoacene is 3.29 eV 
